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POSTMORTEM IRIS RECOGNITION AND ITS APPLICATION IN HUMAN 
IDENTIFICATION 
 
ALORA K. H. SANSOLA 
 
ABSTRACT 
Iris recognition is a validated and non-invasive human identification technology 
currently implemented for the purposes of surveillance and security (i.e. border control, 
schools, military).  Similar to deoxyribonucleic acid (DNA), irises are a highly 
individualizing component of the human body.  Based on a lack of genetic penetrance, 
irises are unique between an individual’s left and right iris and between identical twins, 
proving to be more individualizing than DNA. 
At this time, little to no research has been conducted on the use of postmortem iris 
scanning as a biometric measurement of identification.  The purpose of this pilot study is 
to explore the use of iris recognition as a tool for postmortem identification. Objectives of 
the study include determining whether current iris recognition technology can locate and 
detect iris codes in postmortem globes, and if iris scans collected at different postmortem 
time intervals can be identified as the same iris initially enrolled.   
Data from 43 decedents involving 148 subsequent iris scans demonstrated a 
subsequent match rate of approximately 80%, supporting the theory that iris recognition 
technology is capable of detecting and identifying an individual’s iris code in a 
postmortem setting.  A chi-square test of independence showed no significant difference 
between match outcomes and the globe scanned (left vs. right), and gender had no 
bearing on the match outcome. There was a significant relationship between iris color and 
vi	  
match outcome, with blue/gray eyes yielding a lower match rate (59%) compared to 
brown (82%) or green/hazel eyes (88%), however, the sample size of blue/gray eyes in 
this study was not large enough to draw a meaningful conclusion.  An isolated case 
involving an antemortem initial scan collected from an individual on life support yielded 
an accurate identification (match) with a subsequent scan captured at approximately 10 
hours postmortem.  
Falsely rejected subsequent iris scans or “no match” results occurred in about 
20% of scans; they were observed at each PMI range and varied from 19-30%.  The false 
reject rate is too high to reliably establish non-identity when used alone and ideally would 
be significantly lower prior to implementation in a forensic setting; however, a “no match” 
could be confirmed using another method.  Importantly, the data showed a false match 
rate or false accept rate (FAR) of zero, a result consistent with previous iris recognition 
studies in living individuals. 
The preliminary results of this pilot study demonstrate a plausible role for iris 
recognition in postmortem human identification.  Implementation of a universal iris 
recognition database would benefit the medicolegal death investigation and forensic 
pathology communities, and has potential applications to other situations such as missing 
persons and human trafficking cases.    	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1 INTRODUCTION 
At this time, little to no research has been conducted on the use of postmortem iris 
scanning as a biometric measurement of identification.  Similar to deoxyribonucleic acid 
(DNA), irises are a highly individualizing components of the human body and are unique 
between an individual’s left and right eye and between identical twins, proving to be 
more biometrically distinct than DNA 1,2.  Because of this, iris identification has 
continued to grow as a means of security both in the private and public sector, allowing 
for a smooth transition if the technology were to be implemented in a forensic sciences 
setting such as medicolegal death investigation.  
 
1.1 The Human Globe 
Bilaterally located on either side of the nose, the human eye(s), also referred to as 
the globe(s), is a vital organ necessary in visual processing.  The human globe is 
spherical in nature and is somewhat flattened in the anteroposterior area 3.  Each globe 
resides within a skeletal cavity referred to as the bony orbit, which provides superior, 
inferior, medial and lateral protection to the globe.  The globe is positioned anteriorly 
within the bony orbit and only occupies one-fifth of the cavity.  The remaining volume is 
filled with vessels, nerves, orbital fat, connective tissue and muscles 4.     	  
1.1.1 The Anatomy of Human Globe 
The human globe has a sagittal diameter of approximately 24 mm 3.  The exterior 
spherical layer of the globe is comprised of an anterior translucent portion, the cornea, 
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and a posterior opaque portion, the sclera 3,4.  Internal to the sclera is the pigmented 
portion of the globe referred to as the uveal tract, which is comprised of the following 
continuous tissues: choroid, ciliary body, and iris.  The smooth muscles of the ciliary 
body, located just posterior to the sclera, regulate the tension applied on the ocular lens 
and are involved in adjusting the focus of the eye.  The iris is a circular structure 
comprised of smooth muscle, allowing for the regulation of the pupillary aperture 3,4 
(Figure 1). 
The iris and ocular lens divide the globe into three chambers: the vitreous 
chamber, the posterior chamber and the anterior chamber.  The vitreous chamber, which 
lies posterior to the ocular lens, is the largest of the three and filled with vitreous humour, 
a clear gel-like substance that makes up about two-thirds of the volume of the globe.  The 
posterior and anterior chambers are the areas sectioned off by the ocular lens and iris, and 
the iris and cornea, respectively.  Each of the chambers are filled with aqueous humour, a 
clear liquid produced in the ciliary body 3,4.  The main function of the globe and its 
structures is to form a quality image on a functional retina, where the image is then 
processed and transported to the brain for additional visual processing via the optic 
nerve4.   
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Figure 1. Anatomy of the human globe. Source: Public domain image, Wikimedia Commons. 
1.1.1.1 Sclera 
The sclera makes up 93% of the outer coat of the globe and is comprised of 
densely packed collagen fibers twisted into bundles called lamellae.  The highly variable 
interlacing nature of the fibrils increases light scattering, giving the sclera its white 
opaque color, seen with the naked eye.  The strength and inelasticity of the woven 
lamellae maintains the intraocular pressure of the globe by counteracting the pull of the 
extraocular muscles 3–5.  The opaque nature of the sclera guarantees that light only enters 
the globe through the pupil 4.   
The external surface layer of the sclera, the episcleral lamina, is comprised of 
loose fibro-vascular tissue, containing a small number of blood vessels 3–5.  The blood 
vessels do not penetrate the sclera and instead travel along the exterior of the sclera, 
4 
ending in the episcleral lamina 3–5.  These are the blood vessels effected in “blood-shot” 
eyes 3. 
 
1.1.1.2 Retina 
The retina, or nervous coat, is the innermost layer of the globe located between 
the choroid and the vitreous body 3–6.  It is a thin transparent membrane composed of ten 
layers and has a purplish-red color in living individuals due to its vascular nature 4,6.  The 
blood vessels of the retina originate in the optic disc and their pattern can be visualized 
when viewed with an opthalmoscope 4. 
Layer one of the retina is the outermost layer and is referred to as the retinal 
pigment epithelium (RPE) as it contains cuboidal pigment cells; the remaining nine layers 
form the neural retina and develop from the optic disc 4.  The light sensitive 
photoreceptors in the RPE translate the inverted optical image to neural activity, allowing 
photoreceptors (rods and cones) in layer two to form an image via photochemical 
transduction 3,4,6.   	  
1.1.1.3 Pupil 
The pupil, located just nasally and inferior to the center of the iris, visually 
resembles a black hole due to the reflected and refracted light from the retina, lens and 
cornea 2,4,6.  The pupil is an aperture, regulating the amount of light that enters the globe 
and strikes the retina.  The diameter varies with age and light intensity, ranging from 2 
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mm when maximally constricted (miosis) to 8 mm when maximally dilated (mydriasis) 
4,6,7.  
The change in diameter is often a reflex to the light intensity, however, the 
diameter can change when viewing objects at varying distances, painful stimuli, and 
under other conditions such as the influence of drugs 4.  In bright light, photoreceptors of 
the retina such as rods and cones, are activated and the sphincter pupillae, a smooth 
muscle, undergoes parasympathetic contraction, constricting the pupil diameter 4,6. 
Conversely, in darkness, the parasympathetic stimulation of the sphincter is reduced and 
the dilator pupillae, a smooth muscle, is sympathetically stimulated, increasing the pupil 
diameter 4,6,7.  
 
1.1.1.4 Vitreous Humour  
Vitreous humour is a clear substance comprised almost entirely of water (99%) 
and except for a liquid portion towards the center, has a gel-like consistency throughout 
the chamber 4.  The remaining 1% of vitreous humour is comprised of hyaluronan and 
loose collagen fibrils 4,5.  Liquid vitreous humour does not develop in an individual until 
the first four or five years after birth 4.    
 
1.1.2 Iris 
The iris is a small (11 mm) circular diaphragm almost centrally located around the 
pupil, between the cornea and lens, and is divided into two chambers filled with aqueous 
humour: an anterior chamber between the cornea and iris, and a posterior chamber 
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between the iris and the lens 1,4,5,8.  The iris contains a posterior double epithelium layer, 
which is heavily pigmented and efficient at light stoppage, ensuring that light only enters 
the retina through the pupil 3,4.   
From anterior to posterior, the iris is divided into three areas: the anterior border 
layer, stroma and epithelial layers 4. The anterior border is a layer of the stroma that 
contains a larger number of fibroblasts compared to the stroma, as well as a layer of 
melanocytes 4.  The stroma is composed of melanocytes, fibroblasts, and a loose 
collagenous matrix, and contains vessels and nerves 4,6.  There is no elastic tissue in the 
stroma, however, it is suggested that the transfer of fluid between the intercellular spaces 
of the iris and the anterior chamber play a role in the significant thickness changes that 
arise during iris movement (contraction and dilation) 4,6.  The sphincter pupillae is located 
in the stroma near the pupillary rim 4.  The epithelial layers are heavily pigmented and 
contain the dilator pupillae 4.    
The anterior surface of the iris can be divided into two concentric zones: the 
pupillary zone, which is the smaller, innermost zone containing the sphincter pupillae, 
and the larger ciliary zone 4,6 (Figure 2).  The two zones are separated by the collarette, 
an irregular concentric jagged pattern, which is also the area of attachment of the 
pupillary membrane in the fetus 4,5.  In addition to the collarette, the anterior surface 
contains other characteristics such as crypts of Fuch’s, pigment spots, trabeculae in the 
stroma, contraction furrows, ruff, and ectropion uvae 3–6.  Trabeculae are most evident 
closest to the collarette and are bands of connective tissue that appear as radial streaks 
encircling crypts, or openings observed on the surface 3,5,6.  Contraction furrows, an 
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artifact of iris folding during pupil dilation, are concentric in nature and appear as dark 
lines in the iris 6.  The pigmented posterior epithelium, which has radial folds, briefly 
continues anteriorly around the pupil, causing a scalloped pupillary boundary 6.  
Ectropion uvae is a condition that occurs when the epithelium extends too far around the 
pupil and can indicate health, issues which may lead to irregular traction on the iris 6. 
	  
Figure 2. Anterior view of the iris.  The image illustrates the individualizing characteristics of a human 
iris under white light. Source: Wikimedia Commons9 
 
1.1.2.1 Color 
The color of the iris is determined by the reflection and absorption of the 
connective tissue as well as the pigment concentration in the anterior border layer and 
stroma 4.  The absence of pigmentation in the stroma results in a light blue iris color due 
to diffraction and is often seen in Caucasian infants, as pigmentation has not fully 
developed 4–6,10.  The longer wavelengths of light are absorbed by the stroma while the 
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shorter blue wavelengths of light pass through to the pigmented epithelium and are 
reflected back 6,10. Pigmentation development is dependent on the sympathetic 
innervation of melanocytes within the first year of birth. If the melanocytes are not 
innervated, the iris will remain blue 10.  Brown colored irises, which are a genetically 
dominant trait, have a significant number of melanocytes and appear dark and velvety 
3,5,10.  Albinos have pink colored irises due to the color of hemoglobin in the blood, as 
there is no pigmentation in the stroma or epithelium 5,6.         
 
1.1.2.2 Development 
Morphological development of the globe begins just 29 days postovulation and by 
32 days the optic vessels have began to form 4.  The iris, however, does not begin 
developing until the third month of gestation 1. The individualizing textural patterns of 
the iris fully develop in the eighth month of gestation, although the color of the iris is not 
fully developed until a year after birth 1.   
 
1.2 Iris Scanning 
Iris scanning is a safe and unobtrusive real time imaging technique using near-
infrared (NIR) light in the 700-900 nm wavelength range to detect and encode iris 
patterns found in a human globe 1,11,12.  The outcome is that of a highly individualizing 
biometric fingerprint and a corresponding black and white NIR photo of the 
corresponding iris (Figure 3).       
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Figure 3. Anterior view of the iris. The image illustrates characteristics of a human iris under NIR light. 
 
1.2.1 History 
The algorithms for encoding and recognizing the individualizing characteristics of 
an iris were first detailed by John Daugman in 1993 13.  All iris recognition systems 
currently implemented in both the private and public sector are based on the original 
algorithms established by Daugman and users include such companies as Panasonic, IBM, 
British Telecom, LG, IriScan, Iridian, Sagem, Sandia Labs, EyeTicket and Sensar. 1,8,14.  
Due to proprietary measures, the mechanisms and algorithms implemented in the iris 
recognition technology used for research in this study are not published.  However, the 
technology is based on Daugman’s original algorithms described in the next section. 
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1.2.2 Theory 
1.2.2.1 Iris Detection  
The iris is located in real time by an integrodifferential operator function that 
accurately detects the iris’ inner and outer boundaries, the pupil and limbus (the border of 
the cornea and sclera) 1,8,14.  The operator is initially set to a course scale, searching for 
the well-defined and apparent concentric transition from the iris to the sclera 1,13.  Once 
the outer limbic boundary is detected, a second search for the pupillary boundary begins, 
using a finer operator scale to detect the fainter boundary 1,13 (Figure 4).  The total 
processing time on a reduced instruction set computing (RISC) based central processing 
unit (CPU) to detect and localize an iris is about one quarter of a second with single pixel 
precision 13.   
 
	  
Figure 4. Live iris scan of left globe. The image illustrates the limbic (outer) and papillary (inner) 
boundaries. 	  
While simultaneously locating the iris, the operator evaluates the “eyeness” of the 
iris and the focus ability of the camera.  If the derivative criteria required to locate the 
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limbic boundary is not met, it indicates that either the iris is not in focus, is occluded by 
eyelids or that there is no globe present 13.  To bypass these issues, the operator grabs 
numerous image frames until multiple consecutive frames establish that a focused globe 
is present.  Various operators can also detect pupillary unrest and calculate a “hippus 
measure” to distinguish between an iris of a living individual and that of a deceased 
individual or a high resolution photograph, protecting against fraudulent iris use.  Hippus, 
or pupillary unrest, is the involuntary movement (miosis and mydriasis) of the pupil due 
to regular fluctuations in the autonomic nervous system under ambient conditions 13,15.   
 
1.2.2.2 Template Generation 
The located iris is segmented and unfolded to form a rectangular template, 
generated by establishing zones of analysis in a doubly dimensionless projected polar 
coordinate system 8,13.  The grid-like zones are used as universal reference points for 
specific areas of the iris, allowing template comparison among irises, despite variation in 
iris size, pupillary constriction, and zoom factor 13.  The zones of analysis are 
programmed to eliminate the uppermost region of the iris where the eyelid has been 
known to occlude it 13 (Figure 4).  Similarly, a 45° notch is eliminated due to corneal 
specular reflection, an artifact of the light source illuminating the globe from below 13. 
An iris scan with less than 50% of the iris available, after the above parameters are taken 
into account, is deemed insufficient 1.      	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1.2.2.3 Iris Code 
Two-Dimensional (2-D) Gabor filters are used to obtain textural information 
(coherent and incoherent) from the iris using 2-D Gabor phasor coefficients 1,8,13.  Phase 
information is used instead of amplitude, as amplitude is not considered discriminating 
enough.  Phase angles also remain defined, despite poor image quality and contrast 1,8.  
The 2-D Gabor filters provide the 2-D location as well as the orientation and spatial 
frequency of structural characteristics of the iris 1,8,13.  The filters are defined in a doubly 
dimensionless polar coordinate system so that the outcome is that of a complex image 
1,8,13.  The filters quantitate the iris texture by determining which quadrant of the complex 
plane the phasor is in when a portion of the iris is projected onto complex 2-D Gabor 
wavelets 1,8,13.  The complex plane is divided into four quadrants by vertices of real and 
imaginary values (1 or 0), thus giving two bits of phase information for each phasor and 
an exact coordinate location of the phasor in the complex plane 1,8,13.  One of the 
advantages of the 2-D Gabor phase code is that it is gray code, resulting in a single bit 
change between adjacent phase quadrants as opposed to two bits changing as seen in 
binary code 1,8.  Once the iris is located, an uncompressed iris bit code having a 
maximum length of 2,048 bits (256 bytes) is computed on a RISC-based CPU in about 
one-tenth of a second 1,8,13. 	  
1.2.2.4 Independent Variation 
The key to iris recognition is the failure of a test of statistical independence. The 
numerous degrees of freedom effectively guarantees that the test is passed every time 
13 
when comparing iris codes from different irises, while exclusively failing when 
comparing iris codes from the same iris 1,8,13.    
To determine the uniqueness of an iris code and establish if independent variation 
existed both within an iris and among irises, Daugman analyzed the variation between 
128 bit locations in a given iris code among 592 iris codes 13. The iris codes were 
collected from 323 people of various ethnic groups and nationalities over three years. The 
results showed independent variation at each bit location with a mean of the means of 
0.4984 ± 0.0244.  The equiprobability of a set bit supports the theory of stochastic 
development of the iris and a lack of genetic penetrance.     
Because of radial correlations within an iris, there are less than 2,048 independent 
binary degrees of freedom in an iris code 13. For example, features such as iris furrows 
can span a large radial distance and affect distant parts of the code, reducing the 
independence 13. The 2-D Gabor filters introduce intrinsic correlations as well, 
automatically reducing the capacity of the iris code from 2,048 bits to 506 bits (factor of 
4.05) 13.   
The remaining number of independent degrees-of-freedom after the above 
correlations are considered, is evaluated by the Hamming distance (HD) distribution 13. 
The Hamming distance is the measure of dissimilarity between two iris codes 1,8. In 
theory, a Hamming distance of zero would represent a perfect match between iris codes, 
however, due to variations in an individual’s gaze, hippus, level of eyelid occlusion and 
specular reflection, a distance of zero is never achieved, even between iris codes of the 
same iris 8,13.         
14 
A bit of an iris code can have either a 0 or 1, therefore, the probability that a pair 
of bits from different iris codes will disagree is p = 0.5 1,8,13.  When comparing a pair of 
bits from two different iris codes, the following outcomes are possible: 00, 01, 10, or 11, 
with each outcome having a probability of p = 0.25 13.  After considering the intrinsic 
correlations from the 2-D Gabor filters, and if the iris had no radial correlations, the 
Hamming distance distribution would be binomial with p = 0.5 and N = 506 13. 
Daugman evaluated the actual Hamming distance distribution of 2,064 
comparisons of unrelated iris codes and found it to be binomial with p = 0.5 and N = 173 
instead of 506 13.  The four-sample correlation intrinsic to the 2-D Gabor filters was used 
to estimate the number of degrees-of-freedom to be approximately 690 bits for 2,048 
samples.   
Overall, Daugman discovered approximately 173 independent binary degrees-of-
freedom in a 2,048 bit iris code, once intrinsic correlations of the iris and 2-D Gabor 
filters were considered.  Therefore, the likelihood of two iris codes from unrelated irises 
agreeing by chance is approximately 2173 or 10-52 13.  More recently, the actual Hamming 
distances among iris codes were re-evaluated with 9.1 million comparisons of 4,258 
unrelated iris codes from trials in Britain, the United States, Japan and Korea 1,8. The 
results again showed a binomial distribution p = 0.5 but with N = 249 degrees-of-freedom 
instead of 173, and a likelihood ratio of 2249 or 2-75 1,8. 
Daugman further compared the Hamming distance distribution from genetically 
identical globes in the same manner as above to evaluate if textural patterns of the iris 
were genetically predetermined.  He analyzed 648 left and right pairs of iris codes of the 
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same person from 324 individuals, and observed a Hamming distance mean of p = 0.497, 
statistically the same as the mean Hamming distance observed in unrelated individuals 1.  
A small study comparing left and right iris code pairs from six monozygotic twins 
yielded a mean Hamming distance of p = 0.507, thus demonstrating no difference in 
Hamming distance when compared to unrelated individuals and further supporting the 
idea of epigentics or a lack of genetic penetrance 1.     
 
1.2.2.5 Iris Template Comparison. 
Iris template comparison has four possible outcomes: acceptance of authentic 
(AA), acceptance of imposter (IA), rejection of authentic (RA), and rejection of imposter 
(IR), with the second and third outcomes being undesirable errors 13.  The decision-
making algorithm maximizes the probability of AA and IR while simultaneously 
minimizing the probability of IA and AR 13. The robustness, accuracy, reliability and 
uniqueness of iris recognition systems are determined by the false acceptance rate (FAR) 
and false rejection rate (FRR), based on the above outcomes.        
To account for variation in head tilt and rotation of the globe within the orbit 
(cyclocovergence) between iris codes, an iris code in question is compared to the known 
code at multiple orientations and a ‘best of n” test is applied 1,13. The orientation with the 
best level of agreement (smallest Hamming distance) is used to call the degree of match 
1,13. 
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Several companies have published data showing a false match rate or FAR of zero 
during tests, some of which have involved as many as over a million iris comparisons 
1,8,14 (Table 1).  
Table 1. Iris recognition performance test. The table illustrates the false match rate of independent iris 
recognition performance tests 14.   
Testing Body Year Comparisons False Match 
Sandia Labs, US 1996 19,701 None 
British Telecom Labs, UK 1997 222,743 None 
Sensar Cbrp.,US 1999 499,500 None 
Joh. Enschede, NL 2000 19,900 None 
Prof. John Daugman, UK 2000 2,300,000 None 
Eye Ticket, UK 2001 30,000 None 
National Physical Labs, UK 2001 2,735,529 None 
Prof. John Daugman, UK 2002 9,200,000 None 
Iridian Technologies, US 2003 984,000,000 None 	  	  
1.2.2.6 Speed of performance 
A 300MHz RISC processor can rapidly search large databases and compare iris 
codes at a rate of 100,000 iris codes per second, while a 2-GHz processor can compare 1 
million iris codes in 1.7 seconds 1,8.  The speed involved in each step of iris recognition is 
detailed below in Table 2. 
Table 2. Speed of various stages of iris recognition 1. The following speeds were based on a 300-MHz 
processor as of 2004. 
Operation Time 
Assess image focus 15 msec 
Scrub specular reflections 56 msec 
Localize eye and iris 90 msec 
Fit Pupillary boundary 12 msec 
Detect and fit both eyelids 93 msec 
Remove eyelashes and contact lens edges 78 msec 
Demodulation and iris code creation 102 msec 
Comparison of two iris codes 10 µsec 	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1.3 Biometric Identification  
Biometric identification, commonly known as biometrics, refers to the personal 
identification of an individual based on measurements of unique anatomical or behavioral 
characteristic such as DNA, the face, fingerprints and eyes 16–18. Enrollment is the process 
of creating an account of an individual’s biometric template for the use of verification or 
recognition at a later date.  Biometric templates are encrypted using algorithms, codes, 
and mathematical equations so that the physical features of the biometric sample are not 
traceable 19. Because of this, the storage of a raw image is not necessary.  Verification is 
the process of confirming the identity of that which an individual is claiming to be, using 
a “one to one” search method, while recognition (identification) is the process of 
identifying an unknown individual, often in a database, in a “one to many” search method 
16,20,21.  
 
1.3.1 Fingerprint Analysis 
Fingerprint analysis is the oldest form of identification, first published by Galton 
in 1892, and was the first computer based biometric system to be implemented 16,20–22.  
Each human fingerprint consists of ridges and valleys forming textured patterns, which 
were discovered to be stable over an individual’s life and dissimilar between fingers 20,21.  
Unlike iris recognition, fingerprint patterns can be visually compared without the 
assistance of technology by properly trained examiners.  Automated fingerprint analysis 
systems are similar to iris recognition systems in that a comparison is performed based on 
various ridge characteristics, or minutiae, and an outcome (similar or dissimilar) is 
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determined based on a preset threshold; the higher the number, the higher the number of 
similar traits between the fingerprints 20,21.     
 
1.3.2 Retinal Scanning 
Retinal scanning is a highly accurate identification technique commonly confused 
with iris recognition and is based on the premise that each person expresses a unique 
vascular pattern in their retina 20,23.  Vascular pattern uniqueness was first discovered in 
1935 by Dr. Carleton Simon and Isodore Goldstein 20,23.  The retina is located in the rear 
of the globe and therefore is highly protected. Similar to an iris, the retina is physically 
protected by other features of the eye, preserving its unique integrity, and hindering 
fraudulent activities or intentional alterations to the pattern.  As with iris recognition, 
retinal scanning uses NIR to capture vascular patterns, however, it is considered more 
invasive than iris recognition and involves precise alignment and little movement. An 
additional drawback is that an accurate image is difficult to attain from individuals with 
astigmatism or those wearing glasses due to reflection and distortion 20,23.  When 
comparing to a database, variation in pupil size and environmental light, i.e. sunny day, 
can cause false rejects 20.  
 
1.3.3  Advantages of Iris Recognition  
There are numerous advantages to implementing iris recognition as a method of 
identification. The first and foremost being that an iris pattern is stable over an 
individual’s lifetime and therefore usable as a unique identification.  
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The Iris Exchange Program (IREX) was established in 2008 by the National 
Institute of Standards and Technology (NIST) in an effort to assess the growing field of 
iris recognition.  Due to ambiguous findings regarding the stability of an iris pattern over 
time and the effect of pupil size variation on iris recognition, the IREX published a study 
in July 2013 to determine the validity of iris recognition and to quantify the effects of 
natural ageing over time.  According to IREX, iris ageing by definition is “irreversible 
damage to the healthy iris or neighboring anatomy that yield mated dissimilarity scores 
that increase monotonically with time-separation of the compared images” 24.  The study, 
which involved databases with thousands to millions of individuals, showed “no evidence 
of a widespread iris ageing effect” and that the natural dilation of the pupil over time is 
not a reason for re-enrollment in a database, despite previous studies suggesting 
otherwise 24–27. 
Recent studies have shown that although eyeglasses and contact lens may 
decrease the overall iris image, these factors have no effect on verification or 
identification 2,28. In addition, iris color does not appear to affect the outcome of the 
results, allowing for universal implementation 28.  
A significant advantage of iris recognition not seen in other methods of biometric 
identification is the system’s ability to identify in real time, rapidly verifying or 
identifying an individual’s identity within seconds.  This is a critical concept in a forensic 
setting as the identity of an individual may be time sensitive and/or crucial in ascertaining 
a suspect. 
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Iris recognition software and technology involves little training, is fairly easy to 
use, and is ideal for quick implementation in the workplace by users of various 
backgrounds.  Because iris recognition has been previously established as a safe 
biometric tool, various types of hardware already exist, e.g. portable handheld devices, 
which may prove beneficial in field casework. 
 
1.3.4 Current Use and Applications of Iris Recognition 
Iris recognition is a widely accepted security system currently implemented in 
both the private and public sectors 14,29–34. Because of this, iris databases, similar to DNA 
or fingerprint databases, could be easily established for application in postmortem 
identification.  
  
1.3.4.1 Iris Recognition in School Systems 
Although the majority of school crimes occur from within a school by those who 
are permitted to be there, i.e. minor thefts and assaults by students, the safety of children 
in school districts from outside influence is still a current issue.  With the help of a 
National Institute of Justice (NIJ) grant, Plumsted Township, a small town in New Egypt, 
New Jersey, implemented an iris recognition security system referred to as T-PASS 
(Teacher-Parent Authorization Security System), becoming the first school in the United 
States to implement such technology 32. 
At the time of the study in April 2003, the New Egypt school district contained 
about 1,700 students between the elementary, middle and high schools 32.  The voluntary 
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study was widely accepted by the community and included participation from almost the 
entire school district’s faculty and staff, along with 700 parents of students at the 
elementary level. Only the elementary school students participated in the study, as the 
middle and high school students were removed significantly less from school by their 
guardians compared to the younger students. The security system utilized multiple 
cameras placed inside and outside the elementary school doors. Once a guardian’s iris 
code was verified with the already established database, the doors were unlocked and 
access into the building was granted 32.         
By the end of the pilot study, there were over 9,400 attempts of individuals 
entering the school using the installed iris recognition system.  Of the 9,400 iris code 
comparisons, none resulted in a false match, however, the system accurately identified 
and granted access to the school only 78% of the time.  Sixteen percent of the failed 
attempts were due to environmental factors such as lighting and user error, e.g. not lining 
up the globe and scanner correctly, while the remaining 6% was from individuals 
attempting entrance who were not previously enrolled in the database 32.  
 
1.3.4.2 Iris Recognition and Automated Teller Machines (ATMs) 
To rectify issues such as long lines at automated teller machines (ATM), losing 
one’s bankcard, remembering personal identification numbers (PIN) and stolen identities, 
U.S. banks started implementing iris recognition about 15 years ago.  One such system is 
EyeTM (Sensar Inc., Moorestown, NJ).  EyeTM was the first iris recognition security 
system installed in ATMs in the United States.  The pilot study took place in Texas, 
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where the security system was installed in Bank United ATMs at local supermarket stores, 
using iris recognition technology by Sensar.  Individuals enrolled in the system by 
visiting local branches and registering their iris codes to their bank account.  When 
accessing a bank account at the ATM, an individual would need only present his or her 
eyes for confirmation of identity; no ATM card or PIN was necessary.  The process was 
fast, taking between three and five seconds for granted access, and user friendly with easy 
to follow prompts 2,35.    
After a six-month trial, almost all consumers found their experience “fast, quick 
and easy” and about half stated that the best feature was that they did not have to use a 
bankcard.  The study also showed that the system was equally reliable for individuals 
with contact lenses or eyeglasses, including non-reflective sunglasses.  To reaffirm the 
uniqueness of iris recognition and test the security aspect of EyeTM, Bank United asked 
two of their members who were identical twins to attempt to trick the security system.  
One of the identical twins was enrolled while the other was not.  The identical twin not 
enrolled in the system made several attempts to access the identical twin’s bank account 
but was denied every time.  As of 2002, fifteen banks in nine countries, including the 
United States, were using Sensar Inc,’s technology such as EyeTM 2,35.   
   
1.3.4.3 Iris Recognition on a National Level 
The United Arab Emirates (UAE) piloted a border control study using iris 
recognition software to identify individuals trying to gain entrance into the country who 
had previously been expelled.  The system formerly employed depended on biographical 
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data and compared the individual in question to a blacklist database. However, deported 
individuals could simply change their name and re-enter the country without being 
flagged on entry 14.  
Enrollment of expellees, which took less than two minutes, was established at 
three police stations and combined into a central database overseen by the Abu Dhabi 
Police GHQ Data Centre for approximately three months.  Three iris recognition cameras 
were installed at Abu Dhabi international airport and within fourth months of use, more 
than 50 deported individuals were caught trying to re-enter the country.  The pilot study 
highlighted a significant border control issue, despite having only a small database of 
enrolled expellees, and greatly influenced execution of the system on a national level 14.  
In January 2003, 63 iris recognition cameras were installed at 36 deportation 
centers (enrollment) and border control centers (recognition) throughout the country. By 
2006, over 100 iris recognition cameras were operational in 17 air, land, and sea ports, 
including 47 deportation and border points, with the purpose of monitoring 
approximately 7,000 travelers attempting to gain entrance into the UAE for the first time 
14,34. 
As of 2006, the UAE owned the largest database in the world consisting of 
840,751 iris codes (153 nationalities) with a system capable of searching and comparing 
database in a “one to many” mode at speeds greater than 650,000 iris codes per second, 
resulting in a complete search in about three seconds. The iris system has performed over 
2.5 trillion iris code comparisons, with a false match rate or FAR of zero, and identified 
over 56,000 individuals attempting to re-enter the country illegally 14,34 (Table 3). 
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Table 3. United Arab Emirates (UAE) iris recognition system statistics as of 2006 14. 
Item Value 
Database size 840,751 iris codes 
Database size  2.8 Gigabytes 
New enrolments per day 700 
Searches carried out between 2001 & 2005 6,471,722 
Average searches per day 7,405 
Daily cross comparison 6.23 Billion 
Total comparisons to date 2.5 Trillion 
Persons caught 56,484 
Persons caught per day 90-100 
Search turn-around (including image acquisition) 3-4 Seconds 	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1.4 Research Objectives 
Due to the ethical and legal issues surrounding DNA collection and the expansion 
of DNA databases, a novel method of identification such as iris recognition may be an 
appropriate alternative in certain criminal investigations 36–39.  
Iris recognition as a method for postmortem identification is based on the 
previously validated principle that each human iris has unique individualizing 
characteristics 8,13,14,34. By either combining pre-existing databases or creating a new 
universal database, rapid and non-invasive identification of decedents in a forensic setting 
is plausible with the current technology available. 
The purpose of this pilot study is to explore the use of iris recognition as a tool for 
postmortem iris identification. Objectives of the study include determining whether 
current iris recognition technology can locate and detect iris codes in postmortem globes, 
and if iris scans collected at different postmortem time intervals can be identified as the 
same iris initially enrolled.   
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2 MATERIALS AND METHODS 
2.1 Research Population 
2.1.1 Population Parameters 
The research population was chosen based on jurisdictional standards set forth by 
the Dutchess County Medical Examiner (DCME) as stated by Dutchess County Code 
Article XXX, Section 30.01. Medical Examiner; Appointment; Revocation; Operation of 
Office and New York State and New York (NY) County Law § 671, § 673 and § 674 40. 
Of the decedents meeting the above jurisdictional standards, only those with intact 
globes were analyzed.  Those cases without intact globes due to decomposition, trauma 
or corneal donation were not examined and, therefore, not included in analysis.     
Data collection was not limited based on a decedent’s age, sex or race.  In 
addition, cause and manner of death were not factors in deciding which decedents were to 
be included in data collection.  
 
2.1.2 Storage 
After transport to the medical examiner’s office, all decedents were kept 
refrigerated at 37 °F (3 °C) when research was not in progress.  At the time of data 
collection, decedents were removed from the refrigerated environment to an ambient 
temperature room ranging from approximately 62-80 °F (16-26 °C); they were returned 
to the refrigeration chamber upon completion of data collection. 
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2.1.3 Decedent Anonymity and Research Number 
Maintaining the anonymity of each case was accomplished by assigning a 
separate research number to each decedent, which corresponded to the DCME case 
number.  Personal identifiers such as names, addresses, birthdates, phone numbers and 
social security numbers of decedents were not recorded or used at any time during data 
collection or analysis.   
 
2.2 Iris Scanning Software and Technology and Financial Disclosures 
Technology used in this research was on loan from IriTech, Inc.  Neither Boston 
University School of Medicine, the DCME, nor anyone involved with this research had 
any financial relationship with IriTech, Inc. 
 
2.2.1 Hardware 
2.2.1.1 Scanner 
An IriShield™ - USB MK 2120U camera (IriTech, Inc., Fairfax, VA) was used 
for iris scanning of decedents throughout the duration of research.  The handheld 
monocular camera is equipped with a CPU, which allows for on-board computing for 
automated quality-based iris image capturing, recognition and verification 41.  The public 
key infrastructure (PKI) based security system creates a self-generated RSA-2048 bit key 
and generates a random one-time AES-256 bit key for each session 41.  The CPU and PKI 
allow the camera to interface smoothly with any personal computer (PC) or mobile 
device. 
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2.2.1.2 Power Source 
The IriShield™-USB MK 2120U camera receives its power supply via a micro 
universal serial bus (USB) cable connected to an independent power device.   An HP 
Compaq Elite 8300 Touch All-in-One PC (Hewlett-Packard Palo Alto, CA) desktop 
computer with Windows 7 Professional was used as a stationary power source for iris 
scans collected in the autopsy suite, while a Samsung Galaxy Note 8.0 (Samsung 
Electronics America, Ridgefield Park, NJ) android tablet was used as a mobile power 
source for iris scans collected at death scenes. 
 
2.2.2 Software 
Based on IriTech, Inc. protocol, IriSmartEye 2000 (IriTech, Inc. Fairfax, VA) 
software was used for processing and analysis of iris scans.  Proper software installation 
and processing required the following hardware specifications: Windows XP 
(professional edition) SP2/3, Windows 7 or Windows 8, a processor speed of 1GHz or 
higher, random access memory (RAM) of 128MB or higher, hard disk drive (HDD) with 
at least 500MB of space and one USB 2.0 port 41.  The software was downloaded to the 
desktop computer and the android tablet.  
 
2.2.2.1 Configuration 
The following software configuration was established based on IriTech, Inc.  
protocol and maintained throughout data collection. 
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Under the “setting” tab, the “communication method” was set to “USB”, the 
“device list” was set to “IriShield MK2120 #1”, the “save best image” was selected and 
the “save raw image as” was set to “BMP”.  The “saved folder path” was left empty.  It 
was critical that these settings were accurately established prior to other parameters or the 
software would not run properly 41. 
Under the “capture” tab, the “capture mode” was set to “timebased (secs), 3”, the 
“quality mode” was set to “normal”, the “operation mode” was set to “auto capture”, the 
“iso revision” was set to “none”, the “kind” was set to “K1” and the “format” was set to 
“MONO_RAW”.  The “compression quality” and “subtype” were left empty 41. 
The “timebased” capture mode specified the length of time, in this case three (3) 
seconds, that qualified iris images or frames were captured.  At three (3) seconds, the 
software chose the best frame and if the frame met the Minimum Quality Tolerance 
condition described in the Quality Mode, an image was displayed.  The Minimum 
Quality Tolerance, in this case “normal”, was the least strict and was therefore 
appropriate for all eye colors 41. 
 
2.2.2.2 Matching distance threshold 
IriTech, Inc. software utilizes a matching distance ranging form 0.0156 – 2.0 as 
opposed to HD which ranges from 0 – 1.0.  The matching distance threshold was 
defaulted to 1, with values 0 – 1.0 indicative of a “match” 41. 
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2.3 Data Collection 
 Iris scans were collected intermittently from approximately May 2014 to January 
2015.  The majority of scans were collected during regular business hours (Monday-
Friday, 9:00am-5:00pm).  The following demographics and information of each decedent 
was recorded on the intake sheet for analysis: legal time of death, legal date of death, 
estimated time of death, estimated date of death, manner of death, cause of death, sex, 
age, race, weight and eye color.  If there was evidence of a decedent having glasses, 
contacts or an optical health history, it was noted. 
Legal time of death and legal date of death were determined by a medicolegal 
death investigator employed by the DCME and are defined as the date and time that the 
DCME arrived on scene and determined the decedent to be deceased.  Estimated time of 
death and estimated date of death were determined by a medicolegal death investigator or 
a forensic pathologist employed by the DCME.  This date and time was estimated based 
on postmortem changes and state of decomposition observed in the deceased when found, 
as well as investigative information about the circumstances surrounding the death as 
collected by the DCME’s medicolegal death investigators and other investigative 
agencies. 
 
2.3.1 Capturing an Iris Scan 
Iris scanning procedures for the deceased were based on IriTech, Inc.’s 
recommended procedures for living individuals.  When present, eyeglasses were removed 
prior to iris scanning.    
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Under the “capture” tab of the IriSmartEye 2000 software, the “start” button was 
selected to turn on the camera.  The decedent’s eyelids were manually opened and the 
camera was aligned with the silver mirror facing the decedent.  It was pertinent that the 
camera and decedent were properly oriented so that the camera was parallel to the 
decedent’s face and the apex of the camera made a right angle with the top of the globe 
(optic axis) being captured.  Once the “start” button was selected, a real time streaming 
video of the image that the camera was digitally sensing appeared on the computer screen.  
If properly aligned, an image of the globe appeared on the computer screen in real time.  
The live image assisted the technician by indicating which direction to move the camera, 
assuring that the globe was centered on the screen and therefore in the camera 41.   
During data collection, the camera was positioned approximately five inches (in) 
away from the globe and then slowly moved closer toward the corneal surface in order to 
assure the camera sensor: globe orientation was properly aligned.  When the first in-focus 
frame of the globe was detected, the software verbalized the phrase “keep moving” and a 
red light flashed on the back of the camera.  The camera was continuously slowly moved 
towards the globe until a shutter sound was heard and a captured image of the globe 
appeared on the computer screen.  The shutter sound indicated that a qualified frame was 
selected.  If no qualified frame was available, “No frame qualified.  Please try again” 
appeared on the computer screen in place of the captured image of the globe 41.       
The ideal distance between the camera and the globe is approximately 5 cm or 2 
in, which results in a capture volume of 6.3 cm3.  The capture volume is the volume in 
which the captured iris frame has the highest quality 41.   
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2.3.2 Initial Iris Scan 
The initial iris scan of each decedent was captured using the aforementioned 
procedure either at the death scene with the Samsung Galaxy Note 8.0 android tablet or at 
the DCME with the HP Compaq Elite 8300 Touch All-in-One PC desktop.  Initial scans 
were taken as soon as possible to minimize the time elapsed since death, referred to as the 
postmortem interval (PMI). 
The majority of initial scans were captured postmortem, however there was one 
antemortem initial scan.  The antemortem scan was captured from an individual who was 
legally brain dead as defined by a hospital and on life support just prior to organ 
donation; this case came under the DCME jurisdiction based on the events leading up to 
the individual’s hospitalization.  For the purposes of research, the initial iris scan was 
considered antemortem in as much as the individual had not yet undergone a cardiac 
arrest, i.e. maintained some degree of cardiovascular functions (a blood pressure, pulse, 
circulation) similar to a living individual. Medical and forensic professionals may also 
refer to this period as perimortem.  	  
2.3.2.1 Enrollment 
Before enrollment, the technician had to determine if the captured image was of a 
high enough quality for enrollment using the “total score” and “usable iris area” score.  
Once the initial scan was captured, the scores appeared in the top left corner of the image.  
The closer numbers are to 100, the higher the quality of the image.  For enrollment 
purposes, the software will not allow the technician to enroll an image when either score 
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is below 70 and will instead prompt the technician to retake the image if enrollment is 
attempted 41. 
When an image of high enough quality was obtained, the “matching” tab was 
selected and an alphanumeric “enrollment ID” was added, followed by selecting “enroll”.  
A message reading “enrollment succeeded” then appeared on the screen.   
In this study, the research number of each decedent was also the enrollment 
number.  Numbering started at “001” and increased consecutively.  Following each 
research number was either an “L” for left globe or “R” for right globe (Ex: 006L).  Left 
and right globe were established based on standard anatomical position of the decedent, 
not the technician. 
The date of the initial scan and the PMI were recorded on the intake sheet as well 
as the time the scan was captured, total score, and usable area for both left and right globe.  
The matching distance was not applicable for the initial scan. 	  	   	  
2.3.3 Subsequent Iris Scans 
At first, subsequent iris scans of decedents were attempted in 2-3 hour intervals 
after the initial scan.  However, due to case work, multiple autopsies, funeral home 
schedules and other variables, set intervals were not realistic.  Subsequent iris scans were 
captured when time allowed.  In general, this was once in the morning before or after 
autopsy, once before the end of business day and once the following day, representing 24 
hours after the initial scan.  Subsequent iris scans were captured in the same manner 
described in section 2.3.1. 
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2.3.3.1 Iris Identification 
Subsequent iris scans were not held to standards as stringent as those for initial 
scans and were used in identification when the usable area and total score were as low as 
50.  When an image of high enough quality was obtained, the “matching” tab was 
selected followed by “identify”.  An “enrollee ID” appeared, along with the words 
“matched” or “not matched”.  A matching distance between 0.0000 and 2.000 appeared 
next to “distance” 41.   
If a “matched” was obtained, the given identification was confirmed and the date 
of the scan and the PMI was recorded on the intake sheet as well as the time the scan was 
captured, total score, usable area and matching distance for both the left and right globe.  
The matching distance threshold for a “matched” scan is between 0.0000 and 0.9999 41.   
If “not matched”, the technician changed the “enrollee ID” to the corresponding 
research number of the decedent and selected “verify” to obtain the matching distance.  
The matching distance for a “not matched” scan is between 1.0000 and 2.0000 41.  The 
date of the initial scan and the PMI was recorded on the intake sheet as well as the time 
the scan was captured, total score, usable area and matching distance for both the left and 
right globe.  The words “no match” were included next to the matching distance number. 
 
2.3.4 Photographs of Iris Scans 
Black and white photographs of captured iris scans (initial scans and subsequent 
scans) were automatically saved in a folder labeled “best” created by IriSmartEye 
Software.  The photographs were renamed with the corresponding research number, left 
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or right globe and the PMI of that scan.  For example, a left iris scan of decedent 006 
captured 31 hours postmortem would have a corresponding iris photograph labeled 
“006L-31”.  Initial scans were labeled without a PMI (Ex: 006L). 
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3 RESULTS AND DISCUSSION 
3.1 Iris Recognition Control Study 
Prior to data collection, a positive control study involving three living volunteers 
was carried out to ensure proper implementation of the IriShield-USB MK 2120U camera 
and IriSmartEye 2000 software and to assess the matching distance in iris code 
comparisons among living individuals.  The data showed matching distances ranging 
from 0.5154-0.6549 and accurate implementation of the technology.  	  	  
3.2 Postmortem Iris Recognition 
To date there have been no published studies on postmortem iris recognition and 
its application in postmortem human identification.  In this pilot study, data from 43 cases 
involving 148 subsequent iris scans demonstrated a subsequent match rate of 
approximately 80% and a FAR of zero, suggesting future application of postmortem iris 
recognition may be possible.  
Review of postmortem iris recognition results from this study proved difficult due 
to a lack of consistency or baseline, which is not uncommon in casework research.  In a 
controlled study, the variables and environment remain constant while varying only a 
single factor in order to accurately assess a variable’s effect on the results and draw a 
conclusion.  
The largest variable in this study was the PMI at which the initial iris scan of the 
decedent was captured. The timing of when the case was brought to the attention of the 
DCME greatly affected the time that the initial scan was captured. The initial iris scans of 
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the 42 cases (not including the antemortem case) ranged in PMI from ¼ hour to 120 
hours (5 days).      
Similarly, the interval at which subsequent iris scans were captured and the 
number of subsequent scans for each case varied depending on the period of time the 
DCME maintained jurisdictional custody post autopsy.  The number of subsequent iris 
scans for each of the 43 cases, varied from 1-8 scans with an average of two subsequent 
scans.  
 
3.2.1 Comparison of Postmortem Interval 
Comparison of the matching distance and the PMI was assessed to address if 
match rates declined, i.e. matching distance increased, as the PMI increased. It was 
hypothesized that as the PMI increased, so would the level of decomposition of the iris 
and therefore an increase in the matching distance, however, this was not observed 
(Figure 5).  The data indicated no correlation (R2 = 0.00558) between the matching 
distance and PMI. The negative slope exemplified that even as the PMI increased, the 
matching distance did not, suggesting that iris recognition is a viable option at various 
PMIs.  
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Figure 5. PMI v Matching Distance. Matching distance distribution of 140 subsequent postmortem iris 
scans from all 43 cases.  The R2 value indicates no correlation between matching distance and PMI.  
Matching distance values below 1 were considered a match and values above 1 considered a non-match.  
Subsequent iris scans without a corresponding matching distance value were not included.  	  
Preliminary results from this study demonstrated that irises are detectable up to 11 
days postmortem with accurate software identification.  The data from subsequent scans 
were separated into 24-hour PMI ranges to determine if iris recognition significantly 
declined at a given point.  The match rate stayed consistent across the PMIs investigated, 
ranging from 70-81% (Table 4).  Falsely rejected subsequent iris scans or a “no match” 
were observed at each PMI range and varied from 19-30%. The largest false reject rate 
(30%) was between 48 and 72 hours postmortem.  However, this PMI range had a 
relatively small sample size (23 iris scans) compared to the 24-48 hour PMI range (55 iris 
scans), which showed a false reject rate of 20%.  The data set did not express a specific 
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PMI at which iris recognition was no longer a viable option; thus, iris recognition is 
plausible at PMIs up to at least 11 days. 
 
Table 4. Iris recognition match rates at 24-hour PMI intervals.  Iris recognition match rates from 43 
cases involving 148 subsequent scans. 
Post Mortem Interval 
(Hours) Match Match% No Match No Match % Total 
0 to 24 22 81% 5 19% 27 
24 to 48 44 80% 11 20% 55 
48 to 7 16 70% 7 30% 23 
Greater than 72 34 79% 9 21% 43 
 
One case in particular is an excellent example of the potential use of iris 
recognition in postmortem identification.  The initial iris scan was captured at 
approximately 14.5 hours postmortem.  Eight subsequent scans of the same iris captured 
up to 11 days postmortem were accurately identified and matched to the initial scan 
(Figure 6).  If postmortem decompositional changes occurred in the iris, they did not 
appear to affect the match rate in this case.  In addition, the majority of the subsequent 
scans resulted in matching distances in the 0.7 range, well below the matching distance 
threshold of 1, and similar to the matching distance values of 0.5 and 0.6 observed in the 
control study with living individuals.  
The case also shows the robustness of iris recognition technology. Despite 
different capture angles illustrated in Figure 6A and 6F, the software was capable of 
accurately identifying Figure 6F due to the “best of n” method previously described. 
Corneal xerosis or dryness of the cornea (Figure 6A, 6B, and 6C) is a common 
39 
postmortem artifact, however, it did not appear to affect the match conclusion, supporting 
the idea that iris recognition is a robust and a viable option even under poor conditions.  
  A.      B. 
	   	  	  
C.      D. 
	   	  	  
E.     F.      
 	   	  	  
Figure 6.  A series of postmortem NIR iris scans from a single case. (A) Initial left iris scan captured at 
14.5 hours postmortem. The remaining images are subsequent scans of the same left iris captured at 18 
hours (B), 100 hours or ~4 days (C), 120 hours or 5 days (D), 168 hours or 7 days (E) and 264 hours or 11 
days (F).  All subsequent iris scans were a match to the initial scan (A). 	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3.2.2 Comparison of Case Variables 
3.2.2.1 Left Versus Right Globe 
The unique characteristics and independence of iris codes between a living 
individual’s left and right iris have been previously demonstrated 1,2.  Similarly, the 
IriTech software never erroneously matched an individual’s left iris scan to the 
individual’s right enrolled iris scan or vice versa.  A chi-square test of independence was 
performed to examine the relationship between subsequent postmortem iris scans (75 left 
irises and 73 right irises) and match outcome. The test showed no significant difference 
(p = 0.63). Based on this value the null hypothesis, “match outcome and globe scanned 
(left vs. right) are independent”, could not be rejected, supporting the application of 
Daugman’s theory in postmortem iris recognition.  
In many cases, textural differences, i.e. trabecular meshwork and crypt patterns, 
between an individual’s left and right iris were evident in the NIR photographs captured 
during data collection (Figure 7).  
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   A.      B. 
	  	   	   	  	  
Figure 7. Postmortem NIR images of textural differences in an iris.  The trabecular meshwork and 
crypt patterns differ between an individual’s left iris (A) and right iris (B). 	  
3.2.2.2 Male Versus Female 
Of the 148 subsequent iris scans in the study, 92 were collected from males and 
56 from females.  Iris match rates between genders did not show a significant difference.  
  
3.2.2.3 Iris Color 
An unexpected outcome of this study was the effect of iris color on the match 
rate: the overall match rate was lower for blue/gray eyes than for other eye colors tested. 
The chi-square test of independence of 148 subsequent iris scans rejected the null 
hypothesis “eye color and match outcome are independent”, a result inconsistent with a 
previous study on antemortem scans 28.  The distribution of eye color is shown below 
with the majority of iris scans collected from brown irises (51%), followed by 
green/hazel irises (27%).  For the purpose of statistical analysis blue (11%) and gray 
(10%) colored iris scans were combined (22%) (Table 5).  Brown and green/hazel 
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colored irises demonstrated a match rate of approximately 85%, consistent with the 
overall iris match rate of 80%.  Blue and gray colored irises showed the lowest match rate 
(59%), however, this was based on a small sample size of 32 iris scans.  It is also 
important to note that gray colored irises may be due to decomposition and not 
necessarily the same color as the antemortem iris.  The correlation between iris color and 
match rate may be due to the pigmentation and density of the iris.  A study involving a 
larger sample size of green/hazel, blue and/or gray irises is needed to determine if there is 
in fact a correlation or if the data is skewed from a small sample size. 
 
Table 5 Iris color distribution and match rate. The 148 subsequent iris scans shown, rejected the 
hypothesis that eye color and match rate are independent. Blue and gray iris colors were combined for 
statistical analysis. 
Observed Values Match Match % No Match No Match % Total 
Brown 62 82% 14 18% 76 
Green/Hazel 35 88% 5 12% 40 
Blue + Gray 19 59% 13 41% 32 
Column Total 116 78% 32 22% 148 
 
3.2.2.4 Drug Overdose 
It was hypothesized initially that mydriasis (pupil dilation) due to drug overdose 
would negatively affect the match rate observed due to a decrease in iris area.  However, 
deaths due to drug overdoses did not show a significant difference (p = 0.55) compared to 
other causes of death.  It is important to note that mydriasis was not observed in all drug 
overdose cases and that the subsequent postmortem scan was compared to an initial scan 
taken postmortem which therefore had a similar pupil size to begin with.  
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3.2.2.5 Vitreous Humour 
Vitreous humour, routinely collected from decedents for forensic toxicology, is 
used to determine concentrations of drugs of abuse, salt concentrations, glucose levels, 
etc. to facilitate in determining or ruling out a cause of death 42–46.  
In thirteen cases, the initial iris scans of the left and right globe were enrolled 
prior to autopsy, to determine if autopsy procedures/interventions, i.e. formalin 
substituting displaced vitreous humour, affected the match outcome. After the initial scan, 
vitreous humour was removed from only one globe.  Four of the 13 cases (30%) resulted 
in a subsequent “no match” for the globe containing formalin, while the opposite globe 
(the control) had a subsequent “match”.  However, each of these four cases contained 
other factors that may have contributed to the “no match”, e.g. trauma to the globe, 
edema, and pupil dilation.  The time at which iris recognition is performed during an 
autopsy did not appear to hinder the outcome of iris recognition.  Further study is needed 
to determine if iris recognition is more valuable when implemented prior to or after 
autopsy.  
  
3.3 Antemortem Iris Recognition 
To determine if iris recognition is a reliable method of postmortem identification, 
potential decompositional changes of the human iris upon death need to be evaluated.  To 
date, there have been no published studies detailing the decompositional changes of the 
postmortem iris, however, there have been multiple studies on the stability of the iris over 
one’s lifetime, showing that the iris is highly stable 24,47,48. The antemortem case in this 
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study showed that iris recognition for postmortem identification is possible when 
compared to an antemortem iris code.  The initial enrolled iris code was that of a 55 year 
old female prior to the withdrawal of life-supporting measures.  The subsequent iris scan 
was a match, captured at 9 hours and 40 minutes postmortem.  The case also 
demonstrated that accurate iris codes are obtainable despite having images of varying 
resolutions. The initial antemortem iris scan was slightly blurred compared to the 
subsequent postmortem scan, however, a match was accurately called by the software 
(Figure 8).  Due to outside factors, further subsequent scans were not collected. 
 A.	   	   	   	   	   	   	  B.	   	  
	   	  	  
Figure 8. NIR iris scans of an individual’s right iris. (A) Antemortem iris scan (B) Accurately identified 
postmortem iris scan.   	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4 CONCLUSIONS 
Iris recognition is a cutting edge technology for human identification and is 
currently implemented in various fields for the purpose of surveillance and security 29–
31,33. Because the iris has no genetic penetrance, it is highly biometrically accurate, 
differing between identical twins and between an individual’s left and right iris.  There 
was no significant relationship between match outcome and left vs. right globe scanned. 
The IriTech software never erroneously matched the left and right globes of each 
individual, supporting Daugman’s theory that genetically identical irises have distinct iris 
codes and therefore an individual’s left and right iris are two unique methods of 
identification.  In addition, gender had no bearing on the match outcome.  There appeared 
to be a correlation between an individual’s iris color and match rate, with blue/gray eyes 
yielding a lower match rate (59%) compared to brown (82%) or green/hazel eyes (88%), 
however, the sample size in this study was not large enough to draw a meaningful 
conclusion. 
Of the 43 cases involving 148 subsequent iris recognition scans, an 80% match 
rate was observed, demonstrating that iris recognition technology is capable of isolating 
and detecting an individual’s iris code in a postmortem setting.  Falsely rejected 
subsequent iris scans or “no match” results occurred in about 20% of scans; they were 
observed at each PMI range and varied from 19-30%.  The FRR is too high to reliably 
establish a non-identity when used alone and ideally would be significantly lower prior to 
implementation in a forensic setting; however, a “no match” could be confirmed using 
another method.  Importantly, the data showed a false accept rate of zero, a result 
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consistent with previous iris recognition studies in living individuals 1,8,14. This is critical 
in forensic casework as misidentification of a decedent is never an acceptable outcome.  
The isolated antemortem case demonstrated that iris recognition can be feasibly 
incorporated into a forensic setting and successfully applied in medicolegal death 
investigations.  
The preliminary results of this pilot study demonstrate a plausible role for iris 
recognition in postmortem human identification.  Implementation of a universal iris 
recognition database would benefit the medicolegal death investigation and forensic 
pathology communities (e.g. mass fatality incidents), and has potential applications to 
other situations such as missing persons and human trafficking cases.    
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5 FUTURE STUDIES 
5.1 Antemortem Research 
To understand if iris recognition is applicable in a forensic setting, further studies 
involving antemortem initial scans need to be considered.  In addition, an antemortem 
study involving initial enrollment immediately after birth and subsequent scans collected 
prior to discharge from the hospital and periodically throughout the first year of life 
should be evaluated to assess if an individual’s iris fingerprint remains constant while the 
iris pigmentation is still developing.  This information would be critical if a national 
database were to be established. 	  
5.2 Environmental Conditions 
The majority of the iris recognition scans in this study were captured indoors with 
adequate lighting.  If postmortem iris recognition is to be applied in a forensic setting 
such as a mass fatality incident, various environmental conditions must be considered 
including low ambient light, precipitation, dust/smoke, extreme temperatures, etc.   
 
5.3 Cause of Death 
It is necessary to examine if circumstances of an individuals death will affect the 
outcome of iris recognition. For example, a drug overdose may cause pupil dilation 
exceeding normal mydriasis, decreasing the iris area, or head trauma may lead to a blown 
pupil or physical damage to the globe resulting in globe detachment.  A robust iris 
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recognition system needs to be able to compensate for these variations and still accurately 
identify the iris code in question.     
 
5.4 Comparative Studies with other Software and Scanners 
Once deemed applicable in a forensic setting, multiple iris recognition companies, 
software and hardware need to be assessed to determine suitability in a laboratory setting 
as well as in the field. It needs to be established whether a monocular or binocular iris 
scanning camera is more efficient for data collection.  In addition, standards for 
enrollment must be created and used to evaluate the resourcefulness of merging various 
existing databases or forming a universal database using a single software and technology. 
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